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Abstract Stress fractures, that is fatigue and insufficiency
fractures, of the pelvis and lower limb come in many guises.
Most doctors are familiar with typical sacral, tibial or meta-
tarsal stress fractures. However, even common and typical
presentations can pose diagnostic difficulties especially early
after the onset of clinical symptoms. This article reviews the
aetiology and pathophysiology of stress fractures and their
reflection in the imaging appearances. The role of varying
imaging modalities is laid out and typical findings are dem-
onstrated. Emphasis is given to sometimes less well-
appreciated fractures, which might be missed and can have
devastating consequences for longer term patient outcomes. In
particular, atypical femoral shaft fractures and their relation-
ship to bisphosphonates are discussed. Migrating bone mar-
row oedema syndrome, transient osteoporosis and spontane-
ous osteonecrosis are reviewed as manifestations of stress
fractures. Radiotherapy-related stress fractures are examined
in more detail. An overview of typical sites of stress fractures
in the pelvis and lower limbs and their particular clinical
relevance concludes this review.
Teaching Points
• Stress fractures indicate bone fatigue or insufficiency or a
combination of these.
• Radiographic visibility of stress fractures is delayed by 2 to
3 weeks.
• MRI is the most sensitive and specific modality for stress
fractures.
• Stress fractures are often multiple; the underlying cause
should be evaluated.
• Infratrochanteric lateral femoral fractures suggest an atyp-
ical femoral fracture (AFF); endocrinologist referral is
advisable.
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Introduction
Fatigue and insufficiency fractures of the pelvis and lower
limb come in many guises. The common presentations are
well known to radiologists yet can still pose diagnostic diffi-
culties especially early after the onset of clinical symptoms.
This article concentrates on the pelvis and lower limbs as
the most common sites for stress fractures.
Stress fractures in the immature skeleton are not included
as this is beyond the scope of this article. Aetiology, patho-
physiology and biomechanics in children differ significantly
from those in adults.
This article reviews the mechanisms leading to stress frac-
tures of bone in adults and how this is reflected in the imaging
appearances.
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Emphasis is put on some of the more difficult presentations
of stress fractures; in particular atypical femoral shaft frac-
tures, bone marrow oedema syndrome and radiotherapy-
related stress fractures are discussed.
A brief overview of typical sites of stress fractures in the
pelvis and lower limbs and their particular clinical relevance
concludes this review.
Aetiology
The first descriptions of stress fractures go back hundreds of
years. Rib fractures due to chronic cough were described by
Gooch as far back as 1733. Stress fractures in the foot were
described by Breithaupt, a military physician, in 1855 (Fig. 1).
He described painful focal forefoot swelling in military re-
cruits after strenuous marches, the origin of the term march
fracture. Very soon after the discovery of Röntgen-/X-rays
Stechow described the appearance of march fractures on ra-
diographs [1, 2].
Generally, stress fractures can be due to abnormal stress on
normal bone or fatigue fractures, while insufficiency fractures
occur because of normal stress on abnormal bone. The differ-
entiation between a fatigue and an insufficiency fracture is not
always easy, as both can occur at the same time in the same
patient and fatigue as well as insufficiency can contribute to
any fracture. The use of the term “stress fracture” relieves the
radiologist from committing himself to a more specific diag-
nosis of a fatigue or an insufficiency fracture. It is often not
possible to differentiate between the two without further
information.
Colloquially the term stress fracture is also used instead of
fatigue fractures. In this article stress fracture will be used in
its original meaning including fatigue and insufficiency
fractures.
The incidence of stress fractures in the general population
is about 1 % while in runners it is up to 20 %. In patients with
rheumatoid arthritis a prospective study found an incidence of
11.5 fractures per 100 patient years. More than 90 % of stress
fractures affect the lower extremities, and this article will
concentrate on the pelvis and lower limbs [3–5].
Once a patient has developed a stress fracture there is
increased risk of further stress fractures in the same limb and
the contralateral side. This can occur at the time of presenta-
tion or later on and is due to the fact that typically the stresses
are similar in both limbs (i.e. in runners) [3, 4, 6].
Fatigue fractures usually result from cyclic loading on bone
that exceeds the bone’s natural repair capacity. Fatigue frac-
tures most often occur in physically active individuals often
after a sudden increase in activity. They mostly affect the
lower extremities and they are disproportionately common
in runners, dancers, military recruits and participants in any
sport involving a significant amount of running and jumping.
They also occur after orthopaedic surgery, especially lower
limb and in particular foot surgery (Fig. 2). This is thought to
be due to a combination of altered gait pattern and some bone
loss due to a period of reduced activity after surgery, therefore
involving an element of insufficiency type fracture. Limited
physical fitness also plays a role [4, 6–8].
In insufficiency fractures the fractures occur in response to
normal everyday activities, again typically activities with
cyclical loading. The cause for insufficiency fractures is me-
chanically abnormally weak bone (due to low bone quality
and mass) or impaired bone repair. Typically females with
osteoporosis and older than 50 years of age are affected. Other
underlying pathologies are metabolic problems such as glu-
cocorticoid use or Cushing’s disease, vitamin D deficiency,
rickets (Fig. 3), hyperparathyroidism, renal osteodystrophy
and osteomalacia. Vitamin D deficiency may be due to many
factors including inadequate exposure to sunlight, vitamin
malabsorption (i.e. due to celiac disease, lactose intolerance,
cystic fibrosis, small bowel resection, etc.), drugs inducing
hepatic p450 enzymes (i.e., phenytoin, phenobarbital, rifam-
picin, etc.) and liver and renal disease. Some substances such
as proton pump inhibitors can affect the absorption of
Fig. 1 PA radiographs of the feet of a middle-aged female patient. The
first radiograph (a) shows stress fractures in both feet in various stages of
healing (black arrows). Symmetrical fractures at the base of the second
metatarsals. Two years later (b) the fractures at the base to the second
metatarsals have still not healed (black arrows); the fracture of the right
fourth metatarsal has remodeled well and is now hard to appreciate (white
arrow); the fracture of the right third metatarsal has healed (black
arrowhead). Stress fractures are not rarely bilateral and symmetrical.
Fractures at the base of a metatarsal heal less well than midshaft fractures
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vitamins and minerals and are increasingly suspected to cause
or contribute to bone fractures [9, 10]. Patient behaviour-
related causes are nicotine and alcohol abuse and anorexia.
Low adult weight, white race, female gender and low bone
density are further risk factors. Diseases associated with in-
sufficiency fractures are rheumatoid arthritis, diabetes mellitus
(abnormal bone quality and neuropathy), Paget’s disease,
osteogenesis imperfecta, fibrous dysplasia, skeletal dysplasias
and drugs such as sodium fluoride, methotrexate and etidro-
nate and probably also bisphosphonates. An at least partly
iatrogenic cause is radiotherapy. As in the fatigue fracture
group a relatively sudden increase of activity levels is a risk
factor for insufficiency fractures [3, 4, 6, 11]. If the bone
density is known, the fracture risk can be determined using
online tools [12].
Pathophysiology and its relevance to imaging appearances
Any physical everyday activity leads to microfractures of
bone, which are repaired by initial osteoclastic resorption
followed by osteoblastic bone formation. In the context of
normal activity and normal bone this is normal, physiological
regeneration of bone. However the time lag between resorp-
tion and build-up is about 2 to 3 weeks. In cases of abnormally
weak bone or an abnormally high microfracture rate or a
delayed repair process, the microfractures can accumulate.
An additional repair process in cases of more extensive
bone stress is a periosteal reaction where the periosteum
begins to thicken and offers additional mechanical support.
The development of a periosteal reaction has a similar lag time
as the osteoblastic reaction.
Bone and periosteal reactions therefore do not occur until
several weeks into the disease process. This is the reason for
the delayed occurrence of radiographically visible changes in
stress fractures. This also explains why in relatively acute
stress fractures there is a cortical lucency without a periosteal
reaction or callus formation. With the healing response a
periosteal and often also endosteal bone reaction is seen.
These changes are often very focal (Fig. 4) [4, 7, 13–16].
Most stress fractures occur in the pelvis and lower extrem-
ities simply by virtue of high mechanical loading of the pelvis
and legs exacerbated by many sports. Low bone turnover
particularly in the long bones of the leg (≤1 % of bone mass
per year) favours the accumulation of microdamage eventual-
ly leading to overt bone failure / fracture [10].
Compressive stresses are generally better tolerated than
tensile stresses; muscle strength and endurance (or rather
the lack thereof) are also important contributors to stress
lesions of bone. There is often an unhappy triad of a firstly
new or different, secondly strenuous and thirdly repetitive
activity [4, 10, 13].
The findings discussed above determine the imaging ap-
pearances. Acute stress fractures are often difficult to image
radiographically unless cortical disruption with significant
Fig. 2 An elderly female attending for an ultrasound of the foot to assess
forefoot pain. A longitudinal ultrasound image (left side is proximal)
demonstrates partly ossified hypervascular callus (white arrows) of a
metatarsal (a) suggestive of a healing metatarsal fracture. A PA
radiograph of the left foot (b) shows evidence of previous surgery
(white arrows) and a typical stress fracture of the left third metatarsal
(white arrow). Previous surgery particularly of the feet is a risk factor for
the development of stress fractures. Ultrasound is not the imaging
modality of choice for the assessment of stress fractures but can
incidentally show stress fractures
Fig. 3 Adult patient with treated hypophosphataemic rickets. Abnormal
bone texture in the pelvis and proximal femora with bilateral stress
fractures of the femoral necks (black arrows). Abnormal bone texture
predisposes to stress fractures
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displacement has occurred. However a cortical radiolucency
without a periosteal reaction or callus formation might be
visible in the early phase of a stress fracture. On initial clinical
presentation radiographs have a sensitivity of less than 50 %
for stress fracture with some authors describing sensitivities as
low as 10 % [4, 13, 17].
Similarly CT is more sensitive than radiography but not as
sensitive as MRI or bone scintigraphy [16, 18].
The reactive changes in bone metabolism lead to the forma-
tion of granulation tissue, which can be visualised as increased
fluid signal on MRI and hyperaemia in the early phases of the
bone scintigraphy. Interestingly bone phase imaging does show
increased uptake early on; the initial delayed osteoblastic reac-
tion does not seem to impair the sensitivity of bone scintigraphy
for the diagnosis of stress fractures. The main weakness of bone
scintigraphy is the lack of specificity due to limited anatomical
resolution and correlation and more importantly the inability to
assess the significance of the findings. Foci of increased bone
uptake in athletes have been found to be usually normal bone
remodelling responses to training. Bone scintigraphy is not able
to assess the amount of lysis and therefore fracture risk [17, 19,
20].
MRI is therefore the investigation of choice combining
high sensitivity with high specificity. MRI shows increased
fluid signal in medullary bone and, in cases of cortical and
periosteal involvement, also in adjacent soft tissues. A scle-
rotic response may be visible as a low signal line in all
sequences [4, 5, 13, 16, 21]. The use of intravenous (IV)
contrast medium has not been found to be helpful in stress
fractures and on the contrary might mask the fracture because
of a signal increase of the otherwise low signal area in T1
weighting [22]. MRI is considered the gold standard for the
imaging of stress fractures. The main drawbacks of MRI are
availability and cost [4, 13, 23].
Fig. 4 Typical stress lesion of the
left midfemoral shaft in a middle-
aged female. This is difficult to
appreciate on the coronal images
(a, short tau inversion recovery,
STIR, image) and is just visible as
subtle medial high fluid signal at
the midshaft (black arrow). It is
best seen on an axial proton
density fat saturation (PD-FS)
sequence (b) as a medial
periosteal reaction and
intracortical high fluid signal
(white arrow). This was not
visible on a radiograph taken at
the same time but became
radiographically visible 2 months
later (c) as a subtle periosteal
reaction medially (black arrow).
Typical femoral stress fractures
are located on the medial femoral
shaft and have a broad-based
bone reaction
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If only cancellous bone is involved subtle blurring of
trabecular margins and faint sclerosis may be visible radio-
graphically. Stress fractures of cancellous bone are difficult to
visualise on radiographs, and a sclerotic bone reaction is easier
to appreciate on CT. Bone scintigraphy is a very sensitive but
not very specific examination technique. MRI is best suited to
demonstrate this pathology. MRI shows bone marrow
oedema-like changes and sclerosis may also be visible
(Figs. 5 and 6) [4, 7, 13–16].
The use of ultrasound in the detection of stress fractures has
been described as far back as 1992 in a letter by Howard and
colleagues [24]. Since then there have been further publica-
tions mainly describing incidental findings of stress fracture in
the feet when performing ultrasound for the assessment of
painful areas [25, 26]. The use of ultrasound in suspected
metatarsal stress fractures has been assessed. Banal and col-
leagues found that in X-ray-negative and MRI-positive meta-
tarsal stress fractures, ultrasound was positive in more than
80 % of cases, making it a low cost but limited alternative to
MRI [23].
Sonographic findings suggestive of an early stress fracture
are a hypoechoic, hypervascular rim around the cortex of a
painful bone. This is due to a periosteal reaction. Soft tissue
oedema may be visible. In later stages cortical irregularity or
disruption and later still callus formation may become visible
(Fig. 2) [25–27].
The high cost and limited availability of MRI has led to the
development of guidelines to support clinical decision mak-
ing. The US military has proposed to primarily use radiogra-
phy, at the earliest 2 weeks after the onset of symptoms. If
negative, the radiographs are repeated a further week later. If
still negative an MRI is performed. The recommendation for
US American family physicians also envisages the initial use
of radiographs for suspected stress fractures. If negative, ide-
ally MRI should be performed; if this is not feasible bone
scintigraphy is advised [5].
Fig. 5 An elderly female patient with foot pain. AP (a) and lateral (b)
radiographs of the ankle show osteopenia but do not show a reason for
significant foot pain. Coronal (c) and sagittal (d) PD-FS sequences show
significant bone marrow oedema-like changes in the medial malleolus,
lateral ankle joint, calcaneus and navicular and cuboid. In the lateral talar
trochlea there is focal low signal change in fluid sensitive (d) and T1w
sequences (e) consistent with focal subchondral infraction (black arrows).
The sagittal T1w sequences (e) demonstrate low signal lines in the
cancellous bone indicating stress fracture lines in cancellous bone
(arrowheads)
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The initial use of radiographs has the further advantage of
being able to assess for other significant pathologies such as
tumours, degenerative or inflammatory changes, malalignment
or frank trauma, etc.
In the authors’ practice ultrasound is not routinely per-
formed for the assessment of stress fractures although it is
important to be aware of the imaging findings. The authors
have encountered a number of patients referred for ultrasound
examination with non-specific foot or ankle pain who were
found to suffer from stress fractures.
Clinical presentation
Fatigue fractures are typically associated with pain on exercise
that abates with rest. As the severity of the stress injury to bone
increases, the pain appears earlier in the exercise and takes
longer to abate until even at rest some pain may persist.
However stress-related bone changes shown on imaging ex-
aminations may not always be symptomatic and may disap-
pear without ever having become symptomatic. In a study of
distance runners 9/21 showed stress-relatedMRI anomalies of
the tibiae [7, 13, 19–21].
In particular in the elderly or patients with other underlying
pathologies such as rheumatoid arthritis, stress (here particu-
larly insufficiency) fractures can cause significant morbidity,
and early diagnosis and adequate treatment are very important
to prevent permanent deterioration [3, 6].
Most stress fractures can be treated conservatively with rest
or adjustment of exercise regimes, but in high-risk stress
lesions or persistent non-healing ones surgical intervention
may be appropriate.
Special considerations
Atypical femoral shaft fracture
More recently the phenomenon of the atypical femoral shaft
fracture (or atypical femoral fracture, AFF) has become
recognised. This describes the occurrence of femoral stress
fractures affecting the femoral diaphysis (between the imme-
diate subtrochanteric area to just proximal to the epicondyles)
but with atypical features compared with a “typical” femoral
shaft stress fracture.
The American Society for Bone and Mineral Research
(ASBMR) has published the following criteria for the diag-
nosis of atypical femoral stress fracture [4, 28]:
"To satisfy the case definition of AFF, the fracture must
be located along the femoral diaphysis from just distal to
the lesser trochanter to just proximal to the supracondylar
flare. In addition at least four of five Major Features must
be present. None of the Minor Features is required but
have sometimes been associated with these features".
"Major features: The fracture is associated with minimal
or no trauma, as in a fall from a standing height or less".
– "The fracture line originates at the lateral cortex and is
substantially transverse in its orientation, although it may
Fig. 6 A 60-year-old female presenting with groin pain. An AP
radiograph of the pelvis (a) shows subtle subchondral flattening of the
femoral head suspicious for a stress (insufficiency) fracture (see arrow).
Multiple bone islands are noted. Sclerosis and irregularity of the
symphysis pubis again suggest bone stress. On radiography alone
avascular necrosis also has to be considered as a cause of subchondral
flattening; however the femoral head infraction is confirmed with MRI
[coronal T1w (b) and T2-FS (c) images] (see arrows) and avascular
necrosis (avn) is effectively excluded. This is confirmed with CT
imaging (d). These lesions need specialist attention to prevent
deterioration to rapidly destructive OA
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become oblique as it progresses medially across the
femur".
– "Complete fractures extend through both cortices and
may be associated with a medial spike, incomplete frac-
tures involve only the lateral cortex".
– "The fracture is non-comminuted or minimally
comminuted".
– "Localized periosteal or endosteal thickening of the later-
al cortex is present at the fracture site (“beaking” or
“flaring”)".
"Minor features: Generalized increase in cortical thick-
ness of the femoral diaphysis".
– "Unilateral or bilateral prodromal symptoms such as dull
or aching pain in the groin or thigh".
– "Bilateral incomplete or complete femoral diaphysis
fractures".
– "Delayed fracture healing".
Further associated findings are comorbid conditions (e.g.
vitamin D deficiency, rheumatoid arthritis, hypophosphatasia)
and use of drugs such as bisphosphonates, glucocorticoids and
proton pump inhibitors [10].
Atypical stress fractures are not common. Only 7–10 % of
femoral fractures are located below the lesser trochanter; of
these 75 % are due to major trauma reducing the incidence to
2-3 %.
The differentiation of atypical femoral fractures from clas-
sic stress fractures is not always easy. “Normal” stress frac-
tures would also produce fractures and a periosteal reaction.
However stress fractures seen in athletes affect the medial
cortex in the proximal third of the femoral shaft. The fracture
line is more oblique than usually seen in atypical fractures.
Atypical femoral shaft fractures primarily affect the lateral
cortex and the atypical fractures are associated with more
generalised cortical thickening rather than just focal change
(Figs. 4 and 7).
The atypical fractures are thought to be due to abnormally
brittle bone. Brittle bone is thought to be susceptible to frac-
ture because of high tensile forces on the lateral femoral cortex
affecting the lateral aspect of the femoral shaft. This theory is
supported by biomechanical analysis and the distribution of
the atypical fractures along the femoral shaft, which correlates
with the angulation of the femur against the tibia; higher
angulation results in a more caudal position of the fracture
along the femoral shaft [10, 28]. The cortical medial bone
spike that may be seen in atypical femoral fractures is a focal
bone response to the developing fracture. It is very focal and
dense; a periosteal reaction is not typically seen.
Subtrochanteric fractures have been reported as having a
14%mortality at 12 months and 25%mortality at 24 months.
This makes it a clinically and prognostically relevant diagno-
sis [10]. The high mortality of subtrochanteric fractures is not
unique to atypical femoral fractures. Extracapsular femoral
neck fractures and femoral shaft fractures result in a higher
mortality and morbidity than intracapsular femoral neck frac-
tures [29, 30].
It has been suggested that some (and possibly most) of
these fractures are due to bisphosphonate use. In 310 cases
with the diagnosis of atypical femoral fracture, bisphospho-
nate use was found in 291, mostly for treatment of osteopo-
rosis (286/310) and a few (5/310) for treatment of bone
metastases. In 28 % of cases bilateral atypical femoral fracture
or radiographic abnormalities were found. Atypical femoral
fracture may also be seen in other conditions associated with
abnormal bone structures such as hypophosphatasia,
pycnodysostosis or osteopetrosis [28].
The exact aetiology of the particular condition is not clear.
It is assumed that a decrease in bone remodelling as well as
changes in collagen maturity and collagen crosslinking and
possibly altered angiogenesis are responsible. Changes in the
collagen make-up affect its mechanical strength and elasticity
and also the strength and elasticity of other structures such as
bone. Bisphosphonate use increases the risk of affecting the
collagen make-up. Nevertheless it is clear that the benefit of
bisphosphonate use (reduction in vertebral and femoral neck
fractures) by far outweighs the risk of atypical femoral frac-
tures [10, 28, 31].
For the radiologist it is important to be familiar with this
pathology because this diagnosis should trigger specialist
referral. A patient with this diagnosis should not be on
bisphosphonates and femoral pinning might be required
though the individual circumstances need to be carefully
assessed. The authors are aware of cases where atypical fem-
oral fractures were misdiagnosed as “normal” insufficiency
fractures leading to continued or even newly instigated bis-
phosphonate treatment and eventually to overt fracture.
Migrating bone marrow oedema syndrome, transient
osteoporosis, transient bone marrow oedema syndrome,
spontaneous osteonecrosis of the knee (SONK)
MR imaging of joints not rarely shows areas of increased fluid
signal immediately adjacent to the joint or in the proximity.
While some of these signal changes can be explained by
degenerative changes, larger, ill-defined areas of oedema-
like signal cannot. It was recognised that the radiographic
diagnosis of transient osteoporosis has an MRI equivalent
and indeed that areas of diffuse oedema-like signal can show
different imaging and clinical outcomes with time.
Large ill-defined areas of bone marrow oedema-like
change can spontaneously resolve without associated clinical
or imaging findings. They can be associated with pain or
radiographically visible transient osteoporosis before resolu-
tion occurs. The oedema-like signal changes might show
small crescent-shaped areas of subchondral contour concavity
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and sclerosis and this is now thought to represent subchondral
stress fractures. This is seen particularly on the convex joint
surface of large joints, especially the femoral head and femoral
condyles. The overlying cartilage is intact here (Fig. 6).
Areas of osteonecrosis might also develop on the back-
ground of bone marrow oedema-like change [32, 33].
This is distinct from the MRI findings seen in avascular
necrosis (avn). In cases of avn disruption of the blood supply
to the bone is the primary pathology. The bone marrow shows
signal changes with typical serpiginous margins. With ischae-
mia bone necrosis occurs but in avn necrosis is due to primary
disruption of the blood supply as opposed to a primary mechan-
ical bone injury in stress fractures. Bone necrosis due to any
cause can lead to bone collapse/fracture. The serpiginous mor-
phology sets primary avn apart from other pathologies and can
usually be identified. Often avn is due to a generalisedmetabolic
problem and other sites in the body may show typical findings
in cases where local collapse has occurred [34, 35].
It is important to realise that what appears like increased
fluid signal on MRI and is therefore colloquially called “bone
marrow oedema” is in fact granulation tissue with fibrovascu-
lar ingrowth [36]. Oedema-like bone marrow changes there-
fore represent a tissue reaction to a variety of stimuli; trabec-
ular microfractures leading to bone repair is one of them.
Over the years a number of theories have been brought
forward to explain transient or permanent bone marrow signal
change around weight-bearing joints. Venous congestion, sy-
novitis and atraumatic reflex sympathetic dystrophy have all
been proposed and largely refuted. Yamamoto and Bullough
have proposed stress (insufficiency) type fractures as the cause
for these syndromes and this theory could explain the range of
imaging findings that might or might not progress to more
Fig. 7 An elderly female on long-term bisphosphonates for osteoporosis
had suffered a sudden fracture of the right femoral shaft after a period of
niggling right thigh pain. This had been treated with an intramedullary
nail. Then similar pain developed on the left side. A radiograph (a) shows
subtle cortical thickening of the lateral aspect of the femoral shaft (see
arrow). Bone scintigraphy (b) and MRI performed 1 month later (coronal
T1w c, coronal STIR d) show mild uptake of the left femoral shaft and a
minor bone reaction of the left lateral femoral shaft (see arrows). Marked
uptake of the right femoral shaft on the bone scan is due to previous
fracture; an intramedullary nail is in situ resulting in increased uptake in
the proximal femur (see arrowhead). This is a so-called atypical femoral
fracture. An AP radiograph of the hips performed for right hip/groin pain
in another elderly female patient shows a more advanced case with a
fracture through the lateral subtrochanteric femoral shaft cortex with a
minor bone reaction; only a small bony spike is seen (e, arrow). Atypical
femoral shaft fractures often affect elderly patients on long-term
bisphosphonates. The lateral femoral cortex is affected first, bone
reaction is minor, and the fracture lines are fairly horizontal
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serious presentations including osteonecrosis or even rapid
osteolysis of the femoral head [37–40].
Applied to the knee spontaneous osteonecrosis of the knee
(SONK) can be thought of as a stress fracture of subchondral
bone. Any feature increasing the mechanical stress onto bone,
such as meniscal degeneration, or weakening bone, such as
osteopenia, should and do lead to an increased risk of SONK
(Fig. 8).With any significant bone injury some bone tissue death,
necrosis, will occur. In the case of SONK this is secondary to
mechanical stress and thus “encouraged” by any condition weak-
ening bone or increasing bone stress [32, 33, 37, 39, 41–43].
Some of the bone marrow changes identified on MRI are of
course incidental findings and resolve spontaneously and never
have associated clinical symptoms. This phenomenon is already
known from bone scintigraphy studies of athletes [7, 20, 32].
Stress fractures after radiotherapy
Stress fractures after radiotherapy are not rare and often pose a
diagnostic challenge to differentiate stress fractures from met-
astatic disease.
Pelvic stress fractures after radiotherapy are well
recognised. Common primary pathologies are cervical cancer
and rectal cancer. The fracture risk is significantly higher for
females than for males and generally is higher for higher
radiation doses. At dose levels of less than 40 Gy to the pelvis
radiation-induced stress fractures are uncommon. Above
40 Gy fractures occur in increasing frequency with increasing
dose. A recent review quoted a cumulative incidence of pelvic
insufficiency fracture after radiotherapy in females as 13 %
over 5 years with about ¾ of these occurring in the first year
and most within the first 2 years [44]. Incidences in individual
studies varied widely with one study quoting a fracture inci-
dence of up to 89 % [44–46]!
The lower limbs are less well known sites for post-
radiotherapy stress fractures. Radiotherapy here was usually
administered for the treatment of soft tissue sarcomas. Similar
to the findings in the pelvis the risk for post-radiotherapy
fracture is higher for higher dose treatment regimes and in
females, particularly those over the age of 55 years.
Preoperative radiation treatment resulted in a significantly
lower incidence of stress fractures when compared with
Fig. 8 An elderly female with
sudden spontaneous onset of pain.
Initial radiographs (shown AP
view, a) do not show a focal
anomaly. MRI 1 month later
performed for persistent pain
shows extensive bone marrow
oedema-like change in the medial
femoral condyle with a
subchondral sclerotic area
consistent with an insufficiency
fracture (b, c; PD-FS; see arrows).
The features are those of
spontaneous osteonecrosis of the
knee, SONK. Note the
degeneration/tear of the medial
meniscus, a common association
of SONK. Radiographic follow-
up 1 month after the MRI shows
partial cortical collapse of the
medial femoral condyle
(d, see arrows)
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postoperative radiotherapy (roughly lower by a factor 10) but
leads to more wound complications after surgery [46].
Radiotherapy leads to direct cell death and also damages
microvascular structures leading to depletion of red marrow
and proliferation of fatty marrow. After an initial phase of
bone marrow oedema lasting just a few weeks, the fatty
marrow conversion takes place. Soft tissue oedema after ra-
diotherapy is often longer lasting. Radiotherapy can lead to
direct bone necrosis; usually this is incomplete and a reactive
inflammatory reaction ensues. This frequently leads to scle-
rotic bone change of the trabeculae and cortex with reduced
mechanical strength and repair capacity. This in turn makes
the bone vulnerable to stress fractures [44, 45, 47].
The best single imaging modality to assess focal bone
abnormalities after radiotherapy is MRI as it combines good
sensitivity and specificity. Diffusion-weighted imaging might
help to differentiate a stress fracture from bone metastases and
pathological fracture. MRI typically demonstrates oedema-
like changes typical of insufficiency fractures. CT is also often
useful and able to demonstrate abnormal bone texture and
fractures. Bone marrow change is of course difficult to assess
with CT. Radiographs often are of limited use and bone
scintigraphy has good sensitivity but limited specificity
(Fig. 9) [44].
The biggest challenge in case of pelvic fractures after
radiotherapy is usually the differentiation between a benign
stress fracture and metastasis. In cases of stress fractures in the
pelvis the sacrum is usually involved first. Stress fractures are
often bilateral and also symmetrical and they are confined to
the field of irradiation. The bone marrow oedema-like change
is usually extensive and surrounding soft tissue masses or
oedema limited. Actual fracture lines are seen and diffusion-
weightedMRI should show low signal because of unrestricted
diffusion.
In contrast metastatic disease with pathological fractures
can occur anywhere in the pelvis and there is no symmetry and
no confinement to the field of irradiation. Bone marrow signal
change is limited and soft tissue involvement is more com-
mon. Diffusion-weighted MRI often shows high signal due to
restricted diffusion [44, 45].
Fig. 9 A male patient in his early 60s underwent surgical resection and
postsurgical radiotherapy of the right groin and proximal femur for a soft
tissue sarcoma. Five months after the radiotherapy the patient
experienced right groin pain, and local recurrence was suspected. MRI
showed a severe stress fracture of the right acetabulum [coronal T1w (a)
and coronal STIR (b) images; see arrows]. Eleven months after the
radiotherapy the patient developed a spontaneous right femoral neck
fracture after prodromal pain. Coronal MRI (c T1w, d STIR) shows the
absence of an underlying malignancy, an impacted femoral neck fracture
(arrowhead) and bonemarrowwith high fat content. The stress fracture of
the acetabular roof has largely healed (arrows). There is persistence of
marked soft tissue oedema after radiotherapy. CT imaging (e, coronal
reformat) also demonstrates the femoral neck fracture (arrowhead) and
shows mild sclerosis of the bone marrow in the femoral head and neck,
and no obvious osteopenia. The acetabular stress fracture can be
appreciated as an area of sclerosis (arrows). Radiotherapy impairs the
bone repair capability and predisposes the patient to stress fractures, often
in the first year after radiotherapy
106 Insights Imaging (2015) 6:97–110
Stress fractures by area
Pelvis
The bony pelvis has several well-known sites of predilection
for stress fractures. Most doctors will be familiar with sacral
and pubic fractures. Sacral stress fractures can be difficult to
identify on radiographs but are usually straightforward on
MRI, CT and bone scintigraphy. A typical H-shape with
vertical fractures through the sacral ala and a horizontal frac-
ture through the body of the sacrum is often (but not always)
seen.
Further common sites for stress fractures in the pelvis are
the pubic rami, often identifiable radiographically as healed
fractures, and the symphysis pubis, here leading to irregular
sclerosis. Fracture of the pubic rami can lead to quite marked
focal bone lysis, which can be difficult to differentiate from a
destructive malignancy. The identification of either further
stress fractures or stress-related bone lesions or further lytic
destructive lesions usually helps to make the correct diagnosis
(Fig. 10).
Fractures of the iliac wings usually occur in more severe
cases of insufficiency type fractures.
Fractures of the acetabular roof are also usually true insuf-
ficiency fractures rather than fatigue type fractures (Fig. 9).
Generally pelvic stress fractures are mostly due to insuffi-
ciency fractures and assessment of bonemetabolism is usually
indicated.
The pelvis is also a common site for stress fractures after
radiotherapy. The commonly seen background change of bone
sclerosis can cause concern regarding an underlying bone-
forming malignancy. A relevant clinical history or identifica-
tion of a radiation portal with relatively sharp outlines can help
to make the correct diagnosis [48].
On the whole pelvic stress fractures have a low risk of non-
union [4].
Femur
The proximal femur can suffer stress fractures in a number of
sites. Femoral neck fractures are perhaps best known but they
can be radiographically subtle in the early stages, and in
activity-related pain with negative radiographs further imag-
ing workup with MRI is indicated. The typical femoral neck
stress fracture is located on the medial aspect and perpendic-
ular to the stress lines and the femoral neck (Fig. 3). They are
due to compressive forces and seen more in younger, more
athletic patients. Femoral neck fractures on the craniolateral
aspect of the femoral neck are more common in older patients.
These fractures are due to distraction; the risk of non-union is
higher than for the medial compression fractures although for
both types the risk of non-union is relatively high compared
with other sites [13, 14, 16, 19].
Subchondral stress fractures of the femoral head are harder
to detect. Radiographically there might be subtle contour
concavities of the weight-bearing femoral head and subcorti-
cal zones of sclerosis and lucencies (Fig. 6). These findings
are often due to insufficiency fractures and the femoral head
might be at risk of sudden collapse [49, 50].
It has been suggested that transient osteoporosis of the hip
might be due to stress fractures.
Stress fractures may further occur at the greater and the
lesser trochanter.
The subtrochanteric femoral shaft can be affected by typi-
cal and atypical stress fractures. As discussed in a paragraph
above, atypical femoral shaft fractures typically affect the
lateral femoral cortex with very focal changes while typical
femoral shaft stress fractures in athletes usually affect the
medial cortex with a more broad-based periosteal reaction
(Figs. 4 and 7) [51].
Fig. 10 CT of the pelvis of an elderly female with multiple stress
fractures due to osteoporosis. The axial images of the fractures could be
mistaken for an aggressive destructive process (a, arrows) showing an
apparent expansile bone lesion anterior to the acetabulum. However a
volume-rendered image (b) of the pelvis shows multiple and partly
symmetrical fractures typical for severe insufficiency fractures.
Fractures of the iliac blades, the right os pubis and left pubic rami can
be seen (see arrows). The axial images in isolation may be difficult to
interpret; 3D reformats and volume rendering help in image interpretation
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Knee
Around the knee stress fractures may affect the femoral con-
dyles particularly subchondrally. The pathology of spontane-
ous osteonecrosis of the knee, SONK, has also been suggested
to be due to stress fractures (Fig. 8) [33, 41–43].
Patella and tibia plateau stress fractures are more com-
monly due to insufficiency fractures. In particular trans-
verse patella fractures have a high risk of becoming com-
plete fractures. Transverse stress fractures are due to trac-
tion stress; longitudinal stress fractures of the patella are
less common and are due to compression against the
femoral condyles [13, 16].
Tibia and fibula
The tibia is a common site for stress fractures and some authors
suggest it is the most common site overall [4]. Compression
type stress fractures typically affect the posteromedial cortex
and usually heal with rest. Longitudinal stress fractures are less
common but still heal well with rest. Tension stress fractures
typically affect the anterior, convex cortex, and this injury can
be slow to heal and more commonly go on to become complete
fractures. CT can be very useful for imaging of tibial stress
fractures. Fibular stress fractures present in a similar fashion.
They are not rare and may affect the fibular head, shaft or lateral
malleolus (Figs. 5 and 11) [4, 13].
Ankle/hindfoot/midfoot
In the ankle and hindfoot area, stress fractures can affect the
calcaneus, distal fibula, talar trochlea, calcaneus and navicular.
All these sites are commonly affected. Calcaneal fractures are
often seen in osteopenic patients. The diagnosis can be diffi-
cult radiographically. Sclerotic lines may be seen in the dorsal
aspect of the calcaneus. They are often parallel to the cortex
and here perpendicular to the main orientation of the
Fig. 11 Middle-aged female
runner presenting with focal calf
pain. Initial radiographs (a, AP
view shown) were normal. MRI 2
weeks after the initial radiographs
(b, c, coronal and axial PD-FS
images) shows a periosteal
reaction and widespread soft
tissue oedema around the fibula
shaft typical for a stress fracture
(see arrows). Radiographic
follow-up 3 weeks after this (d)
shows a periosteal reaction of the
fibula where pain was initially
indicated (arrow). Radiographs
are insensitive for stress fractures
early on; MRI shows soft tissue
oedema and a periosteal reaction
and is the investigation of choice
if radiographs are negative
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trabecular bone; thus they can be differentiated from normal
trabeculae. If in doubt MRI is diagnostic.
Calcaneal and distal fibular fractures usually heal well.
Talar and navicular fractures are at high risk for delayed
healing and even progression to avascular necrosis and col-
lapse due to the pattern of vascular supply, which can be
disrupted with typical proximal stress fractures.
Medial malleolar fractures are not common but if they
occur have a high risk of non-union (Fig. 5) [7, 13, 16].
Forefoot
In the appendicular skeleton and pelvis the forefoot is the area
most commonly affected by stress fractures, particularly meta-
tarsal stress fractures. The shafts of the second and thirrd
metatarsal are most commonly affected. These usually heal
well with appropriate rest (Figs. 1 and 2). If the base of the
fifth metatarsal is affected there is a significant risk of non-
union and surgical treatment may be indicated. Stress fractures
of the sesamoids of the big toe are also associated with a high
risk for non-union [3, 6, 7, 13, 16, 52].
Conclusion
Stress fractures of the pelvis and lower limbs can be insidious
in onset and hard to diagnose if there is overreliance on
radiographic abnormalities. If there is sufficient clinical sus-
picion MRI or bone scintigraphy is the imaging modality of
choice. Fatigue and insufficiency mechanisms can be interre-
lated and their differentiation is not always easy or possible.
Recognition of atypical femoral shaft fractures is important
and review by a metabolic physician is indicated to optimise
patient treatment and outcome.
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